Reconstitution of the two terminal enzymes of the heme biosynthetic pathway into phospholipid vesicles.
Purified mouse protoporphyrinogen oxidase (EC 1.3.3.4) and ferrochelatase (EC 4.99.1.1), the two terminal enzymes of the heme biosynthetic pathway, have been reconstituted into phospholipid vesicles, and the kinetics of the enzymes in the reconstituted systems were compared with the values obtained with the free enzymes. The apparent Km for free protoporphyrinogen oxidase in detergent solution is 5.61 +/- 0.62 microM for free protoporphyrinogen. The Km was lower when the enzyme was inserted into phospholipid vesicles (0.78 +/- 0.28 microM) and when both enzyme and substrate were incorporated into phospholipid vesicles (0.61 +/- 0.14 microM). In the presence of cardiolipin, a phospholipid present mainly in the inner mitochondrial membrane, the value of the Km for the substrate decreased 3-fold (0.20 +/- 0.02 microM). For reconstituted ferrochelatase similar kinetic analyses were carried out and it was found that the apparent Km values were only weakly affected by the lipid environment. Studies on the orientation of ferrochelatase demonstrated that approximately 50% of the enzyme in the reconstituted system had the active site located in the inner face of the phospholipid vesicle. This is in contrast to intact mitochondria where the active site is located on the matrix side of the inner mitochondrial membrane. The activation energies for both enzymes were determined for free and reconstituted enzymes. It was found that for both enzymes the activation energies were lower for the reconstituted systems than for the free enzymes.